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PURPOSE

To study the flow distribution, operating characteristics,
and head losses in the turnout and metering structure, and to make
any changes needed to insure satisfactory operation.

CONC LUSIONS

1. The flow distribution within the turnout structure (Figures
4 and 5) is satisfactory. The slow current which moves along the
measuring weir during weir operation should not interfere with the
flow measurements or with field calibration of the weir. Changes in
openings of the plug valves in the venturi meter throats do not greatly
affect the flow distribution in the downstream compartment, Any
splashing which may occur in the downstream compariment of the
structure will be confined by a cover on the compariment,

2, The various components of the structure operate as designed
in controlling and measuring the flow of water, Considerable time-
must be allowed for the system to stabilize whenever flow conditions
are altered because the water levels respond slowly,

3. The head lost when the water leaves the conduit barrels and
enters the turnout structure is reduced by expanding transitions in the

conduit barrels (Figures 4 and 5). The loss is approximately 0. 28 ¥—

2
for the 48-inch and 0, 38 %é— for the 54-inch transitions.

4. The opening from the upstream compartment to the weir pool
(Figure 4) is adequate for all expected discharges.

5. The losses through the 24-inch pipe line and venturi meter
(Figure 5) are not important in the over-all operation of the structure
and were not determined,




6. The over-all loss through the preliminary arrangement of
60-inch pipe line and venturi meter (Figure 6) was excessive. Most
of the loss occurred inthe 150 diffusing cone. The rate of cone expan- 3
sion was too great to permit an efficient diffusing action when the cone 9
discharged into the open pool in the downstream compartment, As a i
result nearly the full velocity head in the meter throat was lost,

7. A 3-diameter length of straight pipe between the 15° cone
and the downstream compartment. or a 5° cone discharging chrectly
into the compartment, enables sufficient diffusion and recovery of ve-~
locity head to reduce the loss to an acceptable value,

8. The loss was high in the original long 36-inch-diametef throat
of the 60-inch meter (Figure 6). The long throat contained a plug valve,
two sleeve-type couplings, and several feet of pipe, The loss can be
reduced by shortening the pipe as much as possible, ‘ ‘ :

9. The loss through the final design 60-inch venturi meter line
using the 5° diffusing cone and the shortened throat (Figure 5) was. low
enough to permit the passage of the maximum 170 cfs flow at the hm-
ited head differential available,

10. The loss when the water leaves the downstream compartment

and re-enters the aqueduct barrels was approximately 0. 40Y-2-

, where
V is the velocity in either barrel, | 2 ,

11, The total loss through the turnout structure from immedi-
ately upstream of the inlet transitions to 3 diameters downstream of
the point of re-entry into the aqueduct barrel is approximately 3,60
feet. A total head differential of 4, 25 feet is available,

12. The velocity distribution in the throat of the 60-inch venturi
meter is sufficiently symmetrical to perrmt the use of standard meter
discharge tables. A field calibration is not required,

RECOMMENDATIONS

1. Use the turnout and metering structure design shown in
Figures 4 and 5. This design includes the shortened throat and the
59 diffusion cone on the 60-inch venturi meter, and a cover over the
downstream compartment,

2. Make observations in the field to determine the prototype L
operating conditions and head losses. This can be done when the V- o+
shaped measuring weir is calibrated,
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INTRODUCTION

The 71-mile-long, 48-inch-diameter, single-barrel aqueduct
which connects the San Jacinto and San Vicente Reservoirs was com-
pleted in 1947 (Figure 1), This aqueduct, located in southern California,
transports water from the Colorado River Aqueduct southward to allevi-
ate the serious water shortage in the San Diego area and at certain in- e
termediate points, The aqueduct is also known as the San Diego Aque- "y
duct. The steadily mounting water demand caused by a large influx of
population and by extensive military needs has exceeded the capacity :
of the single-barrel aqueduct, A second barrel is to be added to raise -
the over-all capacity to 170 cfs. The design of the second barrel and '
the other required structures is being done by the Bureau of Reclama-
tion under an arrangement similar to that used for the design of the
first barrel, The project is under the direction of the Eleventh Naval
District of the United States Navy.

In the original aqueduct a take—off‘ and regulating structure
was provided at South Station 49+67 to divert water to the Sweetwater
Reservoir (Figures 2 and 3). The structure consisted of two narrow
compartments lying side by side and joined by a common wall sur-
mounted with a weir, The flow from the aqueduct entered the first
compartment and filled it so that the water flowed over the weir and
entered the second compartment., The gate at the end of the first com-
partment was normally left closed. The rate of flow into the second
compartment was measured as the flow passed over the weir. All the
water in the second compartment was directed into a continuation of
the barrel which carried the flow on downstream, A gate-controlled
side outlet, or turnout, was provided at the upstream right end of the
first compartment, The necessary head to produce the side delivery
was provided by the depth of water in the pool impounded by the weir-
topped wall, The flow rate diverted to the side was equal to the dif-
ference between the known flow rate entering the structure and the
measured flow rate passing over the weir,

The increased capacity provided by the second barrel, and
the need for precise flow measurements over a wide range of flows,
necessitated a larger and more complex regulating stiucture than the
existing one, The new structure was required to measure flows rang-
ing from zero to 170 cfs with only a small loss in head, and provide a
pool with a water surface sufficiently high to produce the required side
deliveries, The structure must also be designed se¢ that it can be built
without interfering with the continued passage of water through the ex-
isting structure,




A tentative design was developed in which the existing struc-
ture, with small changes, was incorporated with a large new struc-
ture, the latter being arranged so that it could be constructed while g
flow continued through the aqueduct., The final design of this turnout . Y %
and metering structure, which incorporated the results of the model : [
studies, is shown in Figures 4 and 5. It is anticipated that after the
new part of the structure is finished the old part will be remodeled .
to make the old and new structure operate as a single unit. - In this '
completed structure the flow from the two aqueduct barrels enters
an upstream compartment, An opening in this compartment leads
into the section of the old structure which contained the weir, This
weir is raised to elevation 772, 16 so that no flow will pass over it
except in an emergency., Another opening from the upstream com-
partment leads into a new weir pool which terminates at a weir that
is slightly V-shaped with the low point of the "V' at elevation 771, 16.

The ends of this 30-foot weir are placed 1 foot higher than the weir

center, Flows from zero to about 40 cfs can be measured by this

weir, An outlet pipe at the right side of the upstream compartment

supplements the original side-outlet line that takes water to Sweet-

water Reservoir, A 24-inch and 60-inch pipe line extend from the

same upstream compartment to another compartment at the down-

stream end of the structure, These pipe lines contain venturi meters

for measuring rates of flow from about 2 to 20 cfs, and from 17 to

170 cfs, respectively, A plug valve is provided in the small-diameter

section of each meter line to regulate the flow so that the water sur- e
face in the upstream compartment remains high enough to produce the o
required side deliveries, Any water that passes.over the V-shaped T
measuring weir or over the emergency weir is conducted to the down-

stream compartment, All the water which enters the downstream com-

partment re-enters the two aqueduct barrels, - - :

The turnout and metering structure (South Station 49+67) is
located at the top of a hill which very nearly approaches the elevation
of the hydraulic grade line (Figure 2). The grade line at this point was
established at the maximum practicable elevation of 771,16 feet, through
the use of 54-inch instead of standard 48-inch pipe in the second aqueduct
line, The lower friction loss incurred through the 54-inch pipe left 4,25
feet of head available to compensate for the losses through the metering
structure, This limited head required that special attention be given to
reducing the losses to a minimum through the structure. Diffuser sec-
tions are therefore provided on the exits of the inlet aqueduct lines and
on the venturi meters to regain part of the velocity heads. Rounded

approaches are provided on the 24- and 60-inch pipe lines and on the »
aqueduct barrels leading away from the structure to reduce the losses,

It was difficult to foretell by analytical means how the flow e 1
would be distributed in the structure at the various operating conditions o
and how this distribution would affect the head losses, As these ques-

tions could best be answered through hydraulic model studies, a testing
program was initiated, This report discusses the various models used
in the test program and presents the results of these studies,




INVESTIGATION |

1:6 Scale Model

A model scale ratio of 1:6 was selected as the best compro-
mise of the desirability of a large model to insure accurate head loss
measurements, the available laboratory space and construction cost,
The model included the entire turnout and metering structure (both the
existing structure and the proposed addltlons) and the equivalent of 115
feet of the two inlet aqueduct barrels and 73 feet of the two outlet bar-
rels (Figure 6), The turnout and metering structure was constructed
inside a large wooden box by means of plywood panels, The joints
between panels were sealed with a thick rubber cement and the entire
inside of the model was painted with linseed oil to prevent excessive
absorption of water which could result in expansion and warping,
Some leakage occured through the model joints but these leaks were
easily sealed with modeling clay. In general, this means of construc-
tion is satisfactory when the model is to be used for only a short time,

The 24- and 60-inch pipe lines and their venturi meter sec-
tions were represented by pipe made of lightweight galvanized iron,
A 6-inch plug valve was placed in the throat of the large meter so that
its effect on the flow distribution in the downstream compartment
could be determined for various valve openings, - Similarly a 2-inch
plug valve was placed in thé throat of the small venturi meter. The
rounded inlets to the 4- and 6-inch model pipe lines, and to the 8- and
9-inch model aque ‘uct barrels at the exit of the turnout structure were
formed from sheet copper. The transitions connecting the two aque-
duct inlet barrels to the turnout and metering structure were made of
lightweight ;zalvanized 1ron :

Piezometers and water level gages were placed at appropri-
ate locations so that the losses incurred through various components
of the structure could be measured, Each inlet aqueduct barrel was
supplied by a separate pump and the rate of water flow was measured
by an orifice-venturi meter in the line, The rate of flow into the struc-
ture was controlled by valves in the inlet barrels, The rate of out-
flow from the structure was controlled by valves in the outlet barrels,
The water from the discharge lines returned to the main laboratory
reservoir for recirculation,

Operating Characteristics

The operation of the turnout and metering structure is as
follows: Water at a known rate of flow enters the structure through
the 48- and 54-inch barrels of the aqueduct, A part of this water may
be diverted to the right side through the La Mesa-Sweetwater Extension
(Figures 2 and 4), The main portion of the water passes on through the
structure, where the flow rate is measured, and continues down the




San Jacinto-San Vicente Aqueduct. The amount of water diverted is
determined by subtracting the measured rate which continues down
the aqueduct from the known inflow rate,

To accomplish its purpose the turnout and metering structure
must pass and measure flows ranging from zero to 170 cfs. Flows
from zero up to 40 cfs can be measured by the long, nearly flat, V-
shaped, sharp-crested weir (Figure 4). This weir will be calibrated
in the field so the only tests made in the model were to determine if
the weir were placed in such a manner that good measurements were
possible. The tests showed that the proposed weir placement (Figure
6) was satisfactory and that the only factor which would affect the weir
flow was the slow current which moved parallel to, and near, the weir
blade, This current was so slow that it should not cause trouble in
the prototype weir measurements, In the final design of the structure
the weir was moved upstream and the weir pool shortened (Figure 4),
This will probably result in slightly rougher flow in the pool and over
the weir, ‘ ‘ :

Flows from 2 to 20 cfs can be measured by the venturi meter
in the 24-inch pipe line while flows of 17 to 170 cfs can be measured
by the venturi meter in the 60-inch pipe line, During most of the pro-
totype operation the flow rate will be such that the measurements will
be made with one of these two meters, The water surface elevation
required in the upstream compartment of the structure to produce the
side deliveries to the LLa Mesa-Sweetwater Extention will be main-
tained by partially closing the plug valve in the throat of the meter
being used, This water-surface elevation is nearly as high as the
low point in the V-shaped measuring weir (elevation 771,16), If for
any reason the rate of side-delivery flow is reduced without a corre-
sponding adjustment on the plug valve, the water in the upstream por-
tion of the structure will rise and flow over the measuring weir, Thus,
the weir will operate as a safety spillway while at the same time it will
operate as a measuring device, A second weir is provided near the
left side of the structure to operate as an emergency overflow when-
ever the water surface exceeds elevation 772, 16 (Figure 5),

The water levels in the model structure responded very
slowly to small changes in operating conditions, This requires that
care be taken when altering settings in the prototype in order that the
final water levels will be those desired.

The water from the described components of the model struc-
ture flowed into the downstream compartment without excessive dis-
turbance and entered the aqueduct barrels to continue downstream,

Flow Distribution

Water entered the turnout structure through expanding tran-
sitions in the aqueduct barrels, These transitions were effective in
reducing the velocity of the water at the transition exits and as a result




the flow in the upsiream compartment of the structure was satisfac-
torily smooth, Even with the full 170 cfs flow entering through one
barrel, there was no undue disturbance.

Water entered the measuring weir pool through a large open-
ing in the downstream wall of the upstream compartment. The water
surface in this pool was calm, However, a slow-moving, counter-
clockwise (viewed from the top) eddy occurred when no flow passed
over the weir, With flow over the weir there was a small but notice-
able current along the weir blade, The water which passed over the
measuring weir flowed into the downstream compartment of the struc-
ture without difficulty, Similarly, no difficulty was encountered when
water spilled over the emergency weir at the left of the structure.

The venturi meters in the 60- and 24-inch pipe lines leading
from the upstream compartment to the downstream compartment of
the structure were provided with diffusers to partially convert the
relatively high velocity-head at the meter throats into pressure head
at the diffusers exits. This was intended to reduce the amount of
head lost when the flow entered the downstream compartment, The
preliminary design diffuser for the 60-inch meter (Figure 6) did not
produce the required velocity slow-down and the water entered the
downstream compartment as a concentrated jet with a velocity nearly
equal to the meter throat velocity, Even with these higher-than-antic-
ipated velocities, the flow in the compartment was satisfactory, The
diffusers recommended for the prototype structure (Figures 4 and 5)
provided good velocity slow-down, thus good flow conditions will pre-
vail in the downstream compartment,

Plug valves were included in the model pipe lines in approxi-
mately the same manner as plug valves will be used in the prototype
lines so that the effect of partial valve openings on the flow distribu-
tion could be determined, The flow in the downstream compartment
was not greatly affected by changes in the valve openings, :

No cover was needed over the downstream compartment of
the model structure because no splashing occured and there was no
pronounced tendency for the water to impinge upon and climb the
compartment walls, However, splashing and climbing might occur
in the prototype structure if the water surface in the downstream
compartment of the structure is appreciably lower than anticipated,
It is therefore recommended that a cover be placed over this com-
partment (Figures 4 and 9),

Head Losses Through Structure

Transitions from Aqueduct Conduits to Turnout Structure

The expanding transitions, or diffusers, connecting the aque-
duct barrels to the turnout and metering structure were provided to
obtain lower entrance velocities to the structure, By partially con-
verting the kinetic energy into pressure head, a lower net energy loss




is incurred than if the full pipe line velocity head were lost. The
tests showed that the proposed transitions were effective in reduc-
mg the loss, Two diametrically opposed piezometers were placed
in each barrel 1 pipe diameter upstream from the transition en-
trance (Figure 6). The loss was taken as the difference between
the total head at the piezometer station minus the water-surface
elevation in the upstream compartment of the structure, ' The loss

was approximately 0. 28 b1 in the 48-inch line, and 0, 38_Y_2 in the
2g
54-inch line, ‘

Opening into Measuring Weir Pool

No loss measurements were made for this dpening. Visual
examination indicated that the opening was adequate for any rate of
flow possible at this point.

Twenty-four-inch Pipe Line and Venturi Meter Loss

No loss measurements were made for this pipe line and ven-
turi meter because these losses were of little importance compared
to those through the 60-inch line and meter, Moreover, any design
modications found necessary in the 60-inch line could be applied di-
rectly to the 24-inch line. : :

Sixty-inch Pipe Line and Venturi Meter Loss

The combined flows of both aqueduct conduits (minus any side
deliveries) will normally flow through the 60-inch pipe line and venturi
meter. It is therefore of the utmost importance that the flow losses
through the pipe line and meter be as low as possible. The over-all
losses were determined by measuring the elevation difference between
the water surfaces in the upstream and downstream compartments of
the structure, Prior to taking these measurements the 6-inch plug-
valve in the venturi throat was replaced by a section of straight pipe
so that the continuous passage expected in the prototype plug valve
would be represented in the model,

2

The over-all line loss of 5. 15-\—% based on the 60-inch pipe

was much greater than anticipated and required a head differential of
5,98 feet to pass the required flow of 170 cfs, Only 4, 25 feet of dif-
ferential was available for the entire structure, The tesis were ex-
tended to determine the source of the excessive loss,

Two diametrically opposed piezometers were placed in the
model pipe line 5,5 diameters downstream from the entrance (Fig-
ure 6). A second pair of piezometers was placed in the throat of
the meter 2,5 throat diameters from the throat entrance, The en-
trance loss plus the friction loss to the 10-inch meter inlet was
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0.18 _ZV_“, The loss through the 10- to 6-inch conical reducer, which

had abrupt boundary surface changes where the cone joined the 10-
and 6-inch pipes; plus the friction loss in the 2, 5-diameter length of

meter throat; was 1. 10-2\1- based on t'h\é’i::}_(m)—inch pipe, The friction
loss in the remaining 2, £3-diameter length of throat plus the friction

2
and dumping loss for the 6- to 10-inch conical diffusion was 3. 87%’-—

based on the 10-inch pipe, The.latter loss was by far the greatest,
and it appeared that much of it could be eliminated. The high dump-
ing loss resulted from insufficient diffusion in the 15° cone, As a
result a large portion of the relatively high velocity-head at the meter
throat was lost, : ‘ '

A review of data on conical diffusers showed that rapidly
diverging tubes, even though successfully used within pipe lines, are
rot suitable for use where they discharge directly into open reser-
voirs. For discharging into open reservoirs the tota] included conic
angle should not be greater than 5 . Therefor the 15° cone of the 60-
inch venturi meter, which discharged directly into the downstream com-
partment of the turnout structure, could not be an efficient diffuser, The
required diffusion could be obtained in two ways: (1) adding a sec-
tion of straight pipe downstream from the diverging cone, or (2) de- - s
creasing the angle of divergence,

A

Model studies were made using air for the testing medium to
determine which of the two methods was more feasible. The various
pipe sections were made of light-gage sheet metal, The centrifugal
air pump available in the Hydraulic Laboratory was large enough to
allow the use of the 1:6 model scale ratio, The rate of air flow was
measured by a 6-inch-diameter, sharp-edged, flat-plate orifice
mounted on the upstream end of a 9-focot-long, 12-inch-diameter
pump inlet pipe. The sections of pipe tested were attached to the 10-
inch outlet of the pump by a 62-inch length c¢f 10-inch pipe and by suit-
able transitions, All piezometric pressures were measured in inches
of water by means of U-tubes; each U-tube having one leg open to the.
atmosphere, Incompressible flow equations were used in all the air
test calculations because the flow velocities were kept below 300 feet
per second, The air density was determined from the prevailing air
temperature-and barometric pressure, The air discharged freely from
the pipe line into the atmosphere in the same way that water would dis-
charge from a submerged pipe line into a large pool.

Length of pipe required on 15° conical diffuser,

The 15° conical diffuser with a 6-inch diameter inlet and a
10-inch-diameter outlet was connected to the air pump by 24-inch-long,




10- to 6-inch reducer, and a 48-inch-long, 6-inch-diameter pipe
(Figure 7A), The velocity profiles on th2 vertical and horizontal di-
ameters 1/2-inch upstream from the exit of the 6-inch pipe are shown
in Figure 8E. The velocity front was slightly distorted with the maxi-
mum velocity occurring near the bottom of the pipe on the vertical di-
ameter and near the right side (looking in the direction of the flow) of
the pipe on the horizontal diameter., No attempt was made to improve
this flow distribution because the head loss data were needed as soon
as possible, and because the distribution was sufficiently good to pro-
duce reasonable test results,

The total head entering th= diffusing cone was obtained by
adding the velocity head in the 6-inch pipe line to the static pressure
in the 6-inch line 3 inches upstream from the pipe end. The differ-
ence between this total head and atmospheric pressure was taken as’
the loss through the cone. For the condition where the cone dis-

: 2
charged directly into the atmosphere the loss was 3. 86 ¥'g- based on

the 10-inch pipe (Figure 8A). A 2-diameter length of 10-inch pipe
attached to the diffuser outlet altered the flow charazcteristics so that
the over-all cone and pipe loss decreased to 2, GB%L. A 3. 1-diam-

eter length (this length plus the length of the 15° cone nearly‘equals B
the length of a 5° cone) reduced the over-all loss to 2. 52\2% . A5

diameter length (the longest tested) produced an over-all loss of

2
2.40 Vg- . Horizontal diameter velocity profiles 1/2-inch upstream

from the system exits are shown in Figure 8C. The velocity profile
is extremely distorted at the cone exit when there is no pipe down-
stream, When pipe is added the profile becomes more symmetrical,

From the above and subsequent test data, it was determined
that about'3 diameters of pipe would be required downstream from the
159 diffusing cone to obtain losses low enough so that the metering
structure could pass the required flow,

50 conical diffuser.

A cone with a 5° total included angle and inlet to outlet ratio
of 0,6 is about the same length as a 15° cone of the same inlet to out-
let ratio, plus 3.1 diameters of the outlet pipe (Figure 7B). It appeared
that there would be less loss through the 5© cone, which does not re-
quire downstream piping to obtain diffusion, than through the 15° cone
with its pipe line, A 5~ cone was therefore made and tests showed the

2
loss through it to be 2,10 -;,— based on the 10-inch pipe, An additional

test was made with 2 diamegers of pipe on the exit of the cone. The

loss was reduced to 1, 88 ¥-—. The velocity profile on the horizontal

1
and vertical diameters at tﬁe exit of the 5° cone with no pipe is shown
in Figure 8D,

10




The lower loss offered by the 5° cone made it more desir-
able for use than the 15° cone with its necessary piping. Further
loss reduction, which could be obtained by adding a short length
of pipe downstream from the 5° cone, would serve no useful pur-
pose in this case and would require a longer and more costly struc-
ture, The 5° cone without additional pipe was therefore recom-
mended for the exit of the prototype 60-inch venturi meter.

Either a 59 or a 159 cone may be used at the exit of the
24-inch meter, because in either case the cone will discharge into
a pipe of appreciable length,

Effect of rounding the junction between the contracting cone
and meter throat, In the hydraulic model the loss measured irom
the meter entrance to the station in the meter throat was higher than
anticipated. A possible reason for this was that the 21° converging
cone was connected directly to the 6-inch~diameter pipe formingthe
meter throat, therebyforming a ""'sharp corner' at the throat entrance
(Figure 9A). The converging streamlines of theflow leaving the cone
continue to converge in the 6-inch pipe line andform a vena contracta.
The eddy losses resulting from the redistribution of this flow tonor-
mal flow in the 6-inch line would cause the measuredloss to be greater
thanthe loss assumed for a well-shaped converging section, The effect
of rounding the junction between the cone and the straight throatsec-
tion was determined by testing a representative pipe section. The
section consisted of a 3-diameter length of 10-inch pipe, a 21° con-
verging cone, a 2-inch-long plaster junction which could be altered,
and an 8-diameter length of 6-inch pipe. A ring of four piezometers
was placed 2 inches upstream from the cone entrance. No piezom-
eters were used in the throat section. The loss due to the cone and
plaster junction was taken as the difference between the total head
above the cone, and atmospheric pressure plus a calculated friction
loss for the 6-inch pipe. This friction loss was determined by

Darcy's formula, hy = { 1 V2 The friction factor f was taken as
0.015. d2g |

The loss with the sharp corner (Figure 9A) was 0.10 ;7_2

based on the 10-inch pipe (Figure 9D). The piast'erjuhction betwegeh
the cone and throat was then rounded to a 6-inch radius (Figure 9B),

The loss was about 0, 08 _\é% (Figure 9D). For a radius of rounding

of 10-inch the loss was abaut 0.05 v2 (Figures 9C and 9D). Thus,

by generously rounding the junction-%etween the cone and the throat,
the head loss through the cone and junction was reduced by about
one-half.

Loss in venturi m:.«* with long throat, The throat section
of the 60-venturi meter in t..z iurnout and metering structure is
longer than in the usual venturimeter because itincludes a plug valve,

11




two short sections of pipe and two sleeve-type couplings. The over-
all loss of the meter with a long throat was determined by air model
tests, and the loss with the long throat was found to be high. The
long meter was formed by attaching the 5° cone to the downstream
end of tne 48-inch-long, 6-inch-diameter pipe which was connected
to the 21° converging cone and plasterjunctlon (Figure 7D). A short.
meter was obtained by placing the 5° cone directly on the plaster

junction at the outlet of the contraction cone. ‘The 10-inch radius

rounding at the junction was used with both the long and short meters.

The over-allloss for the long meter, measuredfrom 2 inches
upstream from the contraction cone to the atmosphere, was 34 per-
cent of the calculated meter differential. Similarly, the over-all
loss for the short meter was 12 percent of the calculated meter dif-

ferential, These values are equivalent to 2. 30 V2 and 0,717 v2
d prs g

respectively, based on the 10-inch pipe.

The loss difference between the long and short meter was
greater than could be accounted for by adding the measured loss of
the short meter to a calculated loss for the longthroat using Darcy's
formula and a friction coefficient of 0,015. This coefficient was
based upon Reynold's Number, pipe roughness, and the assumption
that the flow occured with a fully devcloped velocity front. Actually
the flow leaving the converging cone entered the meter throat with a
flat velocity front with high shear forces prevailing in the boundary
layer (Reference 1). Table 1 of Reference 1 shows that the effective
friction coefficient for this type of flow in the 8-diameter long throat
with a rounded entrance is 1.4 times greater than that for flow with
a fully developed velocity front. This accounts for part of the higher
than expected loss in the long-throat meter. The remainder of the
loss mlght be atiributed to the effect of different veloc1ty proﬂles
enter’ng the diffuser cone,

Loss through final meter design, For low meter losses,
the meter throat should be made as shortas possible. Economically,
however, it was desirable to locate the regulating valve inthe small-
est diameter section of the pipe line. A compromise was reached
wherein the valve was retained in the smalldiameter line, but moved
upstream as close to the throat pressure taps as was allowable, A
distance of at least 1.5 pipe diameters is required between the pres-
sure taps and the valve toprevent the valve from influencing the meter
readings. The small-diameter line was continued downstream from
the valve only as far as required by the sleeve-type couplings. The
resulting over-all length of the meter throat was 12.5 feet (Figure 5).
A new throat section was made for the air model sotheover-allloss

Reterence 1--Theory of Flow Through Short Tubes with
Smooth and Corrugated Surfaces and with Square-Edged Entrances--
G. H. Keulegan




of the final meter design could be determined. The loss was 31

percent of the calculated meter differential, or 2.07 ;?(2‘. 07 }273 ‘

for the prototype based on the 60-inch pipe). It should be noted that
this loss value may be slightly high because the prototype meter will
have a machined ogee-shaped converging cone and accurately
machined and.fitted joints. There will be proportionately less loss
due to local eddies in the prototype meter than in the model.

Rounded Entrances from Turnout Structure to Aquéduct Barrels.

The entrances to the 48- and 54~inch aqueduct barrels at
the downstream end of the structure were rounded toc a 1 foot radius
(Figures 4 and 5). Tests were made to determine the loss incurred
as the water in the downstream compartment entered the pipe lines
and flowed to a point about 3 diameters downstream (Figure 6). No
provisions were made in the model to measure the flow in each out-
let barrel and it was necessary to pass all the flow through one bar-
rel at a time in order to know the flow rate in that barrel. The head
loss was taken as the difference between the downstream compart-
ment water surface elevation and the total head at the piezometer

stations. The measured loss was 0.48 V2 in the 48-inch barrel and

0.36 VZin the 54-inch barrel. &
g

Summation of Losses.

A summation of the losses incurred from a point 1 diameter
upstream from the diffusing sections at the inlet of the structure to a
point 3 diameters downstream from the structure is presented in
Table 1. These losses are for the maximum flow of 170cfs (72 cfs in
the 48-inch barrel and 98 cfs in the 54-inch barrel) with a 50 diffuser
at the end of the 60-inch venturi meter and with the flow discharging
directly into the downstream compartment of the structure. All the ‘
aqueduct flow is assumed to be passing through the 60-inch meter with
the plug valve fully opened. ‘

TABLE 1

Components | Loss using 48-inchbarrell Loss using 54-inch barrel
Factor | Loss, Ieet Hob O] Factor oss, feet HoO

Exit, inlet
barrels 0.28hv 0.14 0. 38hv 0.22
60-inchline
to meter 0. 18hv 0.21 0. 18hv 0,21
60-inch
meter & hv | 2.07hv 2.40 2.07hv 2.40
Entrance,
outlet °
barrels 0. 48hv 0.36hv 0.21
Outlet
barrels, hv| 1.00hv 1.00hv 0,59

Total loss . 3.63




The total loss will be less than the maximum permissible value of
4,25 feet of water.

Shortened Weir Pool Due to 60-inch Pipe Line Changes

The necessity of a longer pipe line downstream from the
meter throat to obtain adequate head recovery in the 60-inch line
required that either the over-all structure be lengthened or that the
upstream elements of the pipe line be shortened. The latter course
seemed more feasible because part of the shortening had already
been accomplished by moving the valve nearer the taps of themeter
throat. The remaining shortening was accomplished by moving the
meter upstream so that the upstream meter taps were 5-pipe diam-
eters from the conduit inlet; the minimum distance recommended by
meter manufacturers (Figure 5). This change in location necessi-
tated a corresponding change in the location of the meter access pit.
The result was that the downstream end of the weir pool was moved
upstream 50 that the pool length was shortened from 39 feet to 31
feet 3 inches (Figures 4 and 6) "The length of the measuring weir
was left at 30 feet and the weir was moved upstream..

It was believed that the shortening of the weir pool and the
change in the weir's location will not materially affect the flowover -
the weir. In this light, revisions to the model were not justified,
and therefore no model tests were made on the shortened pool.

Velocity Distribution in Throat of 60-inch Venturi Meter

The operating characteristics of properly installed venturi
meters are well known and tables are available for accuratelydeter-
mining the rates of flow from the measured pressure differentials.
For these standard tables to be applicable it is necessary that the
flow into and out of the meter measuring sections occurs with approx-‘
imately symmetrical velocity fronts.

In the turnout and metering structure the flow into the
entrance of the 60-inch pipe line is partially confined at the bottom
by the floor and at the left side by a sloping wall (Figure 10A and B).
This confinement appeared capable of producing a distorted veloc-
ity front within the pipe line which would carry throughtothe meter
5 diameters downstream from the entrance. Any severedistortion
may cause inaccuracy of the flow measurements. Velocity profiles
were therefore taken on the model along the horizontal and vertical
diar-‘ers of the meter throat 2 inches downstream from the exit of
the converging cone (Figure 10C). Fiow entered the turnout struc-
ture through the 48-inch aqueduct barrel at a prototype equivalent
of 64.3 cfs, and through the 54-inch barrel at prototype rateof 79.1
cfs. The combined equivalent flow of 143. 4 cfs all passed through
the meter. The velocity profiles are presented in dimensionless
plots where the measured velocities are divided by the average
cross sectional velocity determined from the discharge and conduit

14




area. The position across the passage is expressed as the ratio of

the distance from the wall to the conduit diameter. The distribution’
was found to be reasonable uniform and symmetrical, thus standard
venturl meter tables may be used. A field calibration of the meters

does not appear necessary
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FIGURE 8
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FIGURE 9
REPONT 1YD. 368
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